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1 

Method for allocating channels in a radio system 

The invention relates to a method for allocating 
channels in a radio system comprising base stations 
and subscriber stations communicating with the base 
stations over control and traffic channels. 

A typical feature of trunking radio telephone 
systems is that the number of radio channels allocated 
to such radio systems has very often been too small in 
relation to the need. One base station typically has 
only 1 to 4 radio channels available. One of them is 
typically allocated for control channel use, and the 
others are traffic channels. If the traffic density is 
high within the area of the base station, it is easy 
15 to notice that the capacity of the control channels of 
the base station is too low at congestion hours. This 
becomes apparent in that there are not enough control 
and traffic channels for subscribers requesting them, 
that is, traffic congestion occurs. Traffic congestion 
20 appears particularly on the uplink channel of the 
control channel of the base station, i.e. oh the 
channel over which subscriber stations try to estab- 
lish a connection to the base station. On this control 
channel the radio telephones select the time of 
25 transmission on some kind of random access principle. 
In the random access method known from the prior art, 
only a predetermined proportion of the total capacity, 
possibly only 30%, can be used successfully in the 
uplink direction due to collisions between signalling 
30 messages. This indicates that the uplink direction of 
the control channel often forms a bottle-neck on the 
control channel. 

It is also widely known that interferences occur 
in radio systems. Interferences occur e.g. when radio v 
35 transmitters operating on the same frequency or on 
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frequencies too close to each other interfere with 
each other. In cellular radio networks, for instance , 
several base stations may use the same radio channel ; 
normally, such base stations are so remote from each 
5 other that an individual radio station is able to 
communicate on the same frequency with one base 
station only. Under exceptional radio wave propagation 
conditions, however, a signal from an individual radio 
station may reach the receiver of the wrong base 

10 station, thus interfering with the normal radio 
traffic of the base station. This is particularly 
disastrous for the control channel operation, as the 
operation of normal traffic channels of the radio 
system is based on the control channel operation. 

15 Correspondingly, an individual radio telephone, i.e. 

subscriber station, may receive a signal from a base 
station which is normally out of range. Interfering 
with the desired traffic by a radio signal transmitted 
on the wrong frequency cannot be prevented by using 

20 identities, which only prevent responding to wrong 
impulses. 

As used in this description of the invention, a 
channel refers to a single individual frequency or to 
a single time slot of a single individual frequency, 
25 that is, a single direction of transmission. 

Furthermore, faults occur in radio systems as 
radio devices may operate contrary to the protocol 
used in the network e.g in the case of a failure when 
a radio keeps transmitting on a control channel or in 
a control channel time slot more or less continuously. 
A similar interference situation may also result from 
crosstalk between completely different radio systems. 
In some situations, the operation of a radio system 
may be interfered with intentionally by sending out 
interfering radio signalling particularly on the 
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control channel. 

The control channel operation of a mobile or 
fixed radio system can be interfered with intentional- 
ly at least in the following ways: 
5 Over a wide band of the entire available fre- 

quency band in such a way that the interference 
affects the receiver of the control channel of the 
base station, i.e. the receiving frequency range of 
the base station is interfered with partially or 
10 entirely. 

Over a wide band of the entire available 
frequency band in such a way that the interference 
affects the receivers of mobile or fixedly mounted 
radio subscribers, i.e. the transmitting frequency 
range of the base station is interfered with partially 
or entirely. 

Over a narrow band in such a way that the inter- 
ference affects the receiver of the control channel of 
the base station, i.e. the receiving frequency of the 
base station is interfered with. 

Over a narrow band in such a way that the inter- 
ference affects the receivers of mobile or fixedly 
mounted radio subscribers, i.e. the transmitting fre- 
quency of the base station is interfered. 
25 As is k nown, signalling interfering with the 

operation of the control channel can be evaded by 
changing the frequency of the control channel or in 
some cases by changing the control channel time slot 
only. The operating frequency of the control channel 
can be changed either by using an algorithm known to 
all subscriber stations or by indicating the new 
control channel frequency to all listening radio 
devices in advance before the change of frequency. It 
is also possible to use several control frequencies 
35 concurrently in the system, although the use of 
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several frequencies in a low-capacity system is not 
always economically desirable. 

A drawback of the prior art control channel 
allocation procedures is that they are inflexible. In 
5 the system, it is necessary to use a specific channel 
as a control channel, even though the capacity of this 
channel is not sufficient. At the same time, one of 
the traffic channels may have capacity that is not 
currently needed for traffic channel use. 
10 A problem with prior art control channel changes 

caused by control channel interference or jamming is 
that when a single control channel is changed over to 
a single new control channel, the inter ferer of the 
control channel may follow this control channel change 
15 and start to transmit interfering signalling on the 
new control channel. Another problem with the prior 
art solutions is that the capacities of radio systems, 
trunking radio systems in particular, may be very 
limited, i.e. the systems have no capacity to allocate 
20 an empty channel for control channel use. Accordingly, 
when the control channel is changed over to a new 
channel already in use, e.g. a traffic channel, any 
traffic originally transmitted over that traffic 
channel has to be terminated and an ongoing call on 
25 the channel is interrupted and the subscribers that 
participated in the call have to make a new connection 
establishment request. This of course needlessly loads 
the system, particularly its control channel and con- 
nection establishment procedures. 
30 Th e object of the present invention is to 

eliminate the above-described problems of the prior 
art. 

An object of the invention is to allow the 
signalling capacity to be increased in a situation 
35 where the control channel of the base station is 
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congested but some other channel may have extra 
capacity* 

Another object of the invention is to allow the 
operation of the control channel when there has been 
interference on the control channel or the control 
channel has been interfered with and the system has 
changed the control channel, whereafter the control 
channel has again been interfered with. The method 
according to the invention aims at distributing the 
control channel operation during interference in such 
a way that one or more interfered radio channels will 
not prevent an efficient use of the system. 

Still another object of the invention is to 
perform the change of an interfered radio channel and 
the control channel operation in such a way that any 
ongoing calls will be disturbed as little as possible. 

This new method for allocating channels in a 
radio system is achieved by means of a method accord- 
ing to the invention which is characterized by the 
steps of allocating traffic channels for control 
channel use so as to distribute the control channel 
operation to a greater number of channels; indicating 
the channels allocated for control channel use to the 
subscriber stations; performing control channel oper- 
ation in a distributed manner on the allocated control 
channels. 

The invention also relates to a subscriber 
station in a radio system, comprising: a memory means, 
a transceiver, a controller for controlling the oper- 
ation of the subscriber station. The inventive sub- 
scriber station is characterized in that said memory 
means is arranged to store information contained in a 
control channel allocation message received by the 
subscriber station concerning channels on which the 
base station performs control channel operation with 
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the subscriber station; and that said subscriber 
station further comprises means for causing the trans- 
ceiver of the subscriber station to perform control 
channel operation on one or more channels indicated by 
5 the control channel allocation message. 

The invention also relates to a base station 
comprising: a transceiver unit, a control unit for 
controlling the base station* The inventive base 
station is characterized in that it further comprises: 

10 means for assembling a control channel allocation 
message indicating to the subscriber stations iden- 
tities of distributed control channels on which the 
base station performs control channel operation with 
the subscriber station, and for transmitting the 

15 control channel allocation message to the desired 
subscriber station. 

The invention is based on the idea that the 
control channel of a congested base station or a base 
station affected by interference in a radio system is 

20 distributed temporarily to several channels in such a 
way that one or more radio channels that are congest- 
ed, contain interference or are affected by inter- 
ference will not inhibit an efficient use of the radio 
system. 

25 An advantage of this kind of method for 

allocating channels in a radio system, a subscriber 
station in a radio system, and a radio system is that 
it solves the problems associated with the prior art 
systems . 

30 The method according to the invention allows the 

signalling capacity to be increased in such a way that 
a radio telephone can start to transmit signalling on 
a predetermined traffic channel for a certain period 
of time under the control of the radio system. 

35 By means of the method according to the inven- 
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tion, the capacity of the control channel of the base 
station can be increased by using the temporarily 
unused capacity of a traffic channel or any other 
capacity taken into use. The extension of the control 
5 channel need not increase the total number of chan- 
nels. 

The method according to the invention also 
allows subscriber stations to use the resources of the 
radio system during a high traffic density in a 
10 balanced way without loading any of the control chan- 
nels excessively. The radio capacity of the system 
will thus be utilized more efficiently. At the same 
time the inventive method levels the load peaks of the 
system. 

Still another advantage of the invention is that 
the method allows control channel operation in the 
radio system in a situation when there has been 
interference on the original control channel or the 
control channel has been affected by interference and 
the system has changed the control channel , after 
which the control channel has still been interfered 
with. 

The invention also has the advantage that it 
allows the change of control channel and the control 
channel operation to be realized in such a way that 
any ongoing calls will be disturbed as little as 
possible. 

In the following the invention will be described 
more fully with reference to the attached drawings, in 
which 

Figure 1 illustrates a radio system to which the 
invention can be applied; 

Figure 2 illustrates channel allocation in the 
radio system; 

Figure 3 illustrates a control channel alloca- 
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tion message according to the invention; 

Figure 4 is a block diagram illustrating a base 
station according to the invention; 

Figure 5 is a block diagram illustrating a sub- 
5 scriber station according to the invention; 

Figures 6A and 6B are flow diagrams illustrating 
the operation of the base station according to the 
invention; 

Figure 7 illustrates a traffic interruption 
10 message according to the invention; 

Figure 8 is a flow diagram illustrating the 
operation of a subscriber station according to the 
invention when it is on a control channel; 

Figure 9 is a flow diagram illustrating the 
15 operation of a subscriber station according to the 
invention when it is on a traffic channel. 

This invention relates to a control channel 
signalling arrangement which provides reliable 
signalling when the control channel is affected by 
20 intentional or unintentional interference or when the 
control channel is overloaded. This invention is also 
concerned with eliminating or reducing the effects of 
narrow-band interference or interference affecting 
only a portion of the operating range. This kind of 
25 procedure is adequate for protecting modern radio 
systems as transmissions interfering with the entire 
frequency range have to be very strong, and so it will 
be technically easy to rapidly located an interfering 
transmitter or interfering transmitters affecting the 
30 entire frequency range. The operation of a located 
source of interference can of course be eliminated 
rapidly. 

As used in the invention, the term control 
channel refers to a radio frequency or in TDMA (Time 
35 Division Multiple Access) systems to a radio frequency 



WO 95/19687 



PCT/FI95/00009 



and a time slot used for controlling the operation of 
the system, establishing calls between the base 
station and subscriber stations, transmitting data and 
short messages, and for base station changes performed 
5 by the subscriber stations (roaming). 

Figure 1 illustrates a radio system where the 
invention can be applied. A typical radio system where 
the invention can be applied comprises at least one 
base station 101 and one or more mobile or fixed radio 
10 stations 102, 103, subscriber stations, as shown in 
Figure 1. The radio stations 102, 103 communicate with 
each other via the base station. In addition, as there 
are often line connections from the base station to 
fixed subscriber stations, the exchange of a mobile 
15 radio system or other telecommunication networks, the 
radio stations may communicate with telecommunication 
equipment located within the coverage area of a base 
station that is not their dedicated base station. 

Figure 2 illustrates the frame structure of 
channels in the radio system on a traffic channel. The 
figure illustrates the division of one radio frequency 
into time slots and thus into radio channels. Each 
radio frequency may have one or more time slots 201, 
as shown in Figure 2. It is, of course, also possible 
to implement the method and system according to the 
invention in the FDMA system, where the radio fre- 
quency has not been divided into time slots. In the 
example of Figure 2, one frame 202 comprises 5 time 
slots. A predetermined number (N) of frames forms a 
30 multiframe 203. Besides the normal frames the multi- 
frame may have a special signalling frame 204, the 
length of which may be equal to that of normal frames, 
as shown in the figure, or it may be smaller or 
greater, depending of the assumed signalling demand. 
35 Frame 204, i.e. frame number N, is one multiframe. It 
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10 

is permanently allocated for control channel use, 
which is indicated by letters C in its time slots. 
Frame number 2 contains the time slot 205 in the 
downlink direction, i.e. the base station transmits 
this time slot. The time slot corresponding to this 
time slot is the time slot 206 in the uplink direc- 
tion, i.e. the subscriber station transmits the time 
slot. According to the invention, this time slot pair 
205, 206 is allocated for control channel use, even 
though it has previously been in traffic channel use. 
In addition, the base station uses the time slot 210 
as a control channel in the downlink direction. 
Furthermore, the base station has allocated the time 
slot 211 and 212 to subscriber stations in the uplink 
15 direction for random access, for control channel use. 

In the prior art solutions, the general control 
channel functions have been centralized e.g. in one 
signalling time slot 205, 206, C, which is available 
to the radio stations in accordance with the selected 
20 random access method. In the example of Figure 2, the 
frame 202 transmitted by the base station and the 
frames 207 transmitted by the radio stations have been 
shifted in the time domain with respect to each other 
as shown in Figure 2. Figure 2 shows a time segment t. 
25 When the frame structure and transmission times of the 
base station and the subscriber station are compared 
with the time segralent, it can be seen that the sub- 
scriber station always transmits after the base 
station. An individual radio station is thus able to 
30 receive e.g. the signalling frame 205 and respond to 
it subsequently at a time 206. This allows the use of 
a simple radio device, which need not transmit and 
receive concurrently. A semiduplex radio device can 
thus be used. Of course, it is also possible to use a 
35 duplex radio device. 
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In the arrangement according to the invention, 
the system uses and allows subscribers to use all or 
predetermined radio channels or time slots for control 
channel operation, especially as a new control chan- 
nel, particularly after an interference situation has 
been detected. During the interference situation, the 
control channel operation may remain completely or 
partly distributed. The same applies to a situation 
when the control channel operation is overloaded. 

Control channel operations can be divided into 
two different needs. On one hand, the system attempts 
to page a specific radio station e.g. for establishing 
an incoming call. On the other hand, an individual 
radio station wants to request resources from the 
15 system e.g. for establishing an outgoing call. In the 
first case, from the viewpoint of the system, the 
system should know on which control channel the radio 
station to be paged is signalling. In the second case, 
it is nearly insignificant for the system over which 
control channel an individual radio station attempts 
to obtain system resources. 

The operations of the method and base station 
and subscriber station according to the invention can 
be divided into two slightly different modes of oper- 
25 ation, depending on the control channel operation 
which is affected by interference. The operation 
according to the invention will first be discussed in 
a situation when the reception of the control channel 
of the base station is affected by interference. In 
this situation the base station usually detects the 
interference easily and is able to use its own trans- 
mitting frequency in a normal way for indicating a new 
two-way control channel or control time slot. In the 
more efficient interference eluding method, i.e. in 
35 the method according to the present invention, the 
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control channel operation is distributed in such a way 
that the radio stations are able to use at least the 
common control channel time slots 204 of TDMA systems 
as random access time slots. The base station may also 
5 increase the control channel capacity by indicating 
some or all of the unused radio channels and their 
portions as a control channel. In other words, free 
traffic channels are allocated for control channel 
use. When channels are allocated for control channel 
10 use, it is possible to scan the channels to see if the 
new channels to be allocated are free of interference. 
If this is not possible as all of the channels are in 
use or in order to obtain uniform distribution, the 
base station may "steal" i.e. temporarily reallocate 
15 part of the available traffic channel capacity for 
control channel use. 

According to the invention, the base station may 
reallocate one or more time slots or time slot por- 
tions in traffic use for control channel use. In the 
transmission direction from the base station to the 
subscriber station, the base station changes the 
message name of the time slot into a desired control 
channel message name, e.g. into a control channel 
allocation message name and uses that portion of the 
time slot that it needs for forwarding the above- 
mentioned message. A subscriber station receiving 
traffic, such as voice, on the concerned channel 
detects from the message name that this speech time 
slot is not intended for it. The concerned subscriber 
station as well as subscriber stations waiting for 
control channel signalling on the concerned traffic 
channel detect on the basis of the message name that 
they have to interpret the content of the message and 
perform the required measures. 

The base station may also allocate time slots 
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for control channel use in the transmission direction 
from subscriber stations to the base station. If one 
of the subscriber stations is currently transmitting 
traffic, such as speech, the base station first 
commands the concerned subscriber station to interrupt 
the traffic by transmitting a traffic interruption 
message and then gives the transmission right to one 
or some of the subscriber stations in accordance with 
the used control channel protocol. On receiving the 
traffic interruption message, the subscriber station 
stops the transmission. Subscriber stations staying on 
the channel can use the released time slot or its 
portion e.g. for transmitting a random access message. 
Figure 7 shows one embodiment of the traffic inter- 
15 ruption message. In the message shown in Figure 7, 
traffic interruption and random access control are 
preferably combined so that the control channel 
capacity will be utilized efficiently. Of course, in 
the arrangement according to the invention, it is also 
possible to implement traffic interruption and random 
access control independently of each other. 

In certain examples, for random access, the 
control channel is able to transmit random access 
algorithm data 355 to radio devices requesting access 
25 in control channel allocation messages. Data asso- 
ciated with the random access control can, of course, 
be transmitted in random access control messages 
distinct from control channel allocation messages. The 
control channel allocation message transmitted by the 
30 base station contains data on allowable radio channels 
and time slots as well as parameters for controlling 
the access attempts of different users. 

In the arrangement according to the invention, 
the data of the control channel allocation messages or 
35 random access control messages are completed with data 
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indicating which radio channels and time slots are 
available for the concerned radio channels for random 
access . 

In a normal case, the probability of collision 
5 for those attempting random access is reduced by 
allocating a sufficiently long random access frame 
within which each radio selects randomly typically one 
time slot for the access attempt. An unsuccessful 
access attempt can be repeated in the next frame or 
10 during the validity period of a new control channel 
allocated after a predetermined waiting time. In the 
arrangement according to the invention, users are also 
distributed between the radio channels, so that the 
length of the access frame may be smaller than usual. 
15 The base station may divide the users among the radio 
channels on the basis of e.g. the subscriber number, 
the group number or random access group number 
assigned to a subscriber station or a portion of such 
a number. In certain random access protocols, random 
access groups are used as short descriptions of e.g. 
subscriber numbers, priority, etc., in the random 
access control of subscriber stations. The control 
channel operation of the base station can thus be 
distributed to several radio frequencies, and this may 
even be done irrespective of whether these frequencies 
are traffic channel frequencies or control channel 
frequencies. The base station simply reallocates some 
capacity for -control channel use. 

The base station, of course, allocates random 
access time slots, e.g. random access frames, 
primarily from currently unused channels. In addition, 
particularly in systems where the base station con- 
trols the transmission of each radio with an accuracy 
as high as one time slot, time slots are reallocated, 
i.e. "stolen", even from radio channels already in 
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use. 

The actual random access control on the control 
channel established as described above takes place by 
means of control channel allocation messages trans- 
5 mitted by the system on the concerned original control 
channel or on traffic channels reallocated for control 
channel use. As is known, the random access protocol 
may contain a function which removes a random access 
time slot that has already been allocated after the 

10 control channel allocation message or random access 
control message has been transmitted* In the arrange- 
ment according to the invention, a permission to 
transmit signalling, such as speech, on a traffic 
channel can also be cancelled by transmitting traffic 

15 interruption messages, which makes it possible to 
allocate random access time slots even on traffic 
channels that are in use during traffic transmission. 
Figure 3 shows a control channel allocation message 
section used for random access and traffic control and 

20 transmitted from the base station to radio stations. 

The operation according to the invention will be 
described below in a situation where the transmission 
of a control channel of a base station is interfered 
with. 

25 In this situation, subscribers' radio devices 

detect the interference e.g. when no control channel 
of adequate quality can be found. The base station 
detects the situation e.g. when there is a great 
number of unsuccessful subscriber paging attempts or 

30 when there are no random access attempts made by the 
subscribers or a substantially smaller number of such 
attempts. In the arrangement according to the inven- 
tion, the base station starts to use some or all of 
the unused traffic channels as control channels. In 

35 addition, or particularly when all of the channels are 
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in use, the base station allows all subscribers to use 
common radio-channel -specific control channel time 
slots. To increase capacity or to obtain uniform 
distribution, the base station may reallocate part of 
5 the traffic capacity in use for control channel use. 

The control channel operation, particularly the 
existence of the distributed control channel, is 
indicated to radio devices in the same way as above by 
means of control channel allocation messages, which 

10 are transmitted by the system if required, preferably 
regularly, by using at least radio channels and time 
slots on which control channel — operations — are allow - 
able. This control channel allocation message 
indicates on which channels, i.e. on which frequency 

15 or frequencies and in which time slots, the system 
attempts to page radio stations particularly for 
establishing calls. In order that the system would not 
need to transmit paging messages on all frequencies 
allocated for control channel use, the control channel 

20 allocation message contains information on the basis 
of which the radio stations start to use a pre- 
determined radio frequency /channel or predetermined 
radio frequencies/channels e.g. according to the user 
group division or subscriber number. A combination of 

25 the above-described situations is also possible and 
will be described more closely with reference to 
Figures 6 A and 6B. 

Figure 3 shows the control channel allocation 
message according to the invention. Field 350 is an 

30 identity field for the control channel allocation 
message. Field 351 is a field defining channels, i.e. 
radio channels or logical channel or radio channels 
which will be used as new temporary control channels. 
Field 352 indicates the time slots of the new control 

35 channel. Field 353 indicates the validity period of 
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the new control channel, i.e. the time period during 
which the subscriber stations are able to communicate 
with the base station on that channel. This time 
period may be very short, i.e. fractions of a second, 
5 or it may be longer as well. The validity period may 
also be iterative e.g. in such a way that the time 
periods granted to different channels do not sub- 
stantially overlap, whereby an individual subscriber 
station is also able to utilize the control channel 
10 operation of several different channels. Field 354 
indicates a user group, i.e. identifies subscribers 
that are to start to communicate on channels defined 
in the message i.e. on certain frequencies and/or in 
certain time slots. Field 355 contains other possible 
1 5 parameters . 

Figure 4 is a block diagram illustrating a 
typical base station according to the invention. The 
base station comprises a number of transceivers 410, 
411, 412, 413, 414, 415, 416, 417 having a transmitter 
section Tx and a receiver section Rx. Each one of the 
transceivers is tuned to a specific channel pair in 
such a way that the transmitter Tx is tuned to a 
specific downlink frequency and the receiver Rx is 
tuned to a specific uplink frequency corresponding to 
the downlink frequency. There may be a regular duplex 
spacing between the downlink and uplink frequencies or 
the spacings may be determined in some other way, e.g. 
in such a way that the base station defines the 
channels or radio frequencies and the duplex spacing 
to be used by dynamically allocating according to the 
requirements. Of course, the radio transmitters may 
operate either analogically or digitally. The trans- 
ceivers are connected to a base station controller 420 
by means of a bus means 421 or the like. An inter- 
ference detection means 430 is connected to the 
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controller 420. A means 423 for assembling and trans- 
mitting a control channel allocation message and a 
means 425 for assembling and transmitting a traffic 
interruption message are also connected to the con- 
5 troller. The inventive base station operates in such a 
way that when the interference detection means 430 
detects interference , such as jamming, e.g. on one of 
the control channels of the base station, e.g. on a 
channel supported by the transceiver 410, it informs 

10 the controller 420 about this interference. The inter- 
ference detection means 430 may also comprise a 
feature for measuring the load of the control channel 
and for detecting overload. In an interference or 
overload situation the controller 420 starts, in 

15 response to the interference detection means 430 , the 
means 423 for assembling a control channel allocation 
message of desired kind on the basis of the instruc- 
tions and command given by the controller. By means of 
the message the controller may attempt to distribute 

20 the operation of the previous control channel in such 
a way that the transceivers 412 and 416, for instance, 
maintain the operation of the new temporary control 
channel. After the control channel allocation message 
has been assembled, it is forwarded via the bus means 

25 421 to that one of the transceivers which transmits 
the assembled control channel allocation message at a 
desired time on desired channels, e.g. on the old 
control channel, which has been supported by the 
transceiver 410. Furthermore, if the base station has 

30 no free transceiver capacity, i.e. channel capacity, 
when interference occurs in the system, the controller 
420 commands the means 425 for assembling and trans- 
mitting a traffic interruption message to assemble and 
transmit a traffic interruption message. The means 425 

35 performs the above-mentioned measure and transmits the 
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assembled message as described above to one of the 
transceiver units for the message to be forwarded to 
the subscriber stations. 

Figure 5 is a block diagram illustrating a 
5 subscriber station according to the invention. The 
figure shows a typical subscriber station, i.e. the 
configuration of a radio telephone used by the sub- 
scriber. The function of the transceiver (TX/RX) 501 
is to adapt to the radio channel used in each particu- 
10 lar case. The radio channel may be the traffic or 
control channel of the base station of the radio 
system. The transceiver 501 has an associated antenna. 

The function of the controller 503 is to control 
the operation of the subscriber station. The con- 
15 troller 503 is connected to the transceiver TX/RX by 
means of a bus means 505. The channel used by the 
transceiver is determined by the controller 503, i.e. 
the transceiver 501 is tuned to the channel i.e. radio 
frequency determined by the controller 503. The trans- 
20 ceiver 501 is also switched on under the control of 
the controller 503. The controller 503 receives and 
transmits signalling messages by means of the trans- 
ceiver 501. 

The controller 503 has an associated memory 
25 means 504 containing permanent data and variable data. 
Permanent data include e.g. the subscriber station's 
dedicated subscriber number, the numbers of groups 
which the subscriber station belongs to, and the radio 
channels belonging to the system. Variable data in- 
30 elude the instantaneous state of the subscriber 
station, such as a rest state, a call establishment 
state, a speech state, etc., and e.g. information 
indicating the channel to which the station has been 
tuned. The memory means 504 of the subscriber station 
35 according to the invention is arranged to store data 
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on channels on which the base station transmits 
control channel signalling, the data being contained 
in the control channel allocation messages received by 
the subscriber station. The memory means is also 
5 arranged to store the data contained in the traffic 
interruption message (Figure 7) received by the sub- 
scriber station. 

The subscriber station shown in Figure 5 further 
comprises means 509 for tuning the transceiver 501 of 
10 the subscriber station for exchanging control channel 
signalling with the base station on channels indicated 
in the received control channel allocation message. 

The subscriber station shown in Figure 5 further 
comprises means 510 which, in response to the traffic 
15 interruption message (7) received by the subscriber 
station, temporarily interrupt the signalling of the 
subscriber station on the channel indicated by the 
traffic interruption message. It is possible to posi- 
tion both of the above-mentioned means (509 and 510) 
in the controller 503 of the radio unit, but they may 
also be positioned somewhere else in the radio unit. 

The subscriber station shown in Figure 5 further 
comprises a means 520 responsive to the control chan- 
nel allocation message transmitted by the base station 
to the subscriber station. In response to this mess- 
age, the means 520 stores in the memory means 504 the 
data contained in the control channel allocation mess- 
age and controls the controller 503 so that it com- 
mands the subscriber station to switch to the channel 
indicated in the control channel allocation message of 
the transceiver 501 at a time indicated by this mess- 
age. 

Figures 6A and 6B are flow diagrams illustrating 
the operation of the base station according to the 
invention. In Figure 6A, it is assumed that there is 
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no interference at the beginning of the operation of 
the base station, and the system is in a "Normal 
control channel" state 601. When the system detects 
that the reception is interfered with 610, the base 
station transmits control channel allocation messages 
607 indicating to the radio channels which radio 
channels and time slots 351, 352 are available for 
control channel operation. At the same time the base 
station indicates on which radio channels and/or time 
slots the radio stations 354 should wait for messages 
addressed to them, such as incoming calls. As a result 
of the operation, the system enters into an "Extended 
control channel" state 608, 620. If all or most of the 
channels of the base station are in use, the base 
station reserves capacity in one or some of the 
traffic channels for random access and other control 
channel operation. If required 621, it allocates time 
slots or time slot portions 622 for its own signalling 
and transmits control channel allocation messages 623 
indicating to the radio stations which radio channels 
and time slots are available. If required 631, the 
base station transmits random access control messages 
632 to enable random access attempts by cancelling 
some of the previously granted transmission periods by 
a traffic interruption message 633. In the arrangement 
according to the invention, the random access control 
messages 632 and the traffic interruption messages may 
be combined messages as shown in Figure 7 or fully 
separate messages or message portions. 

When the system is in the "Extended control 
channel" state 620, it implements service requests 641 
addressed to it by allocating transmission periods 642 
for its own use and transmitting a message implement- 
ing the service, such as a connection establishment 
message. If the service request 641 is received e.g. 
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over the radio path in the form of a random access 
message and the transmission direction from the base 
station to the radio station is at the same time used 
by some other call, the base station takes one entire 
traffic time slot or a portion of the traffic time 
slot 642 from this call for signalling use by changing 
the name of the message of the time slot into the name 
of the required control channel signalling message 643 
and transmits this message in place of the traffic 
time slot or its portion. The operation continues in 
the "Extended control channel" state 644. 

If some of the traffic channels are released 
651, the base station, if required, takes transmission 
periods 652 into use and informs the radio stations of 
15 the new allowable channels and time slots by means of 
the control channel allocation message 653. At the 
same time the traffic channel in control channel use 
may be released fully into traffic use. The operation 
continues in the "Extended control channel" state 654. 
20 If "the interference of the control channel 

disappears 661, the base station takes, if required, 
transmission periods 662 into use and informs the 
radio stations of the control channel or control 
channels by means of the allocation message 663, and 
25 normal operation 664, 601 is restored, i.e. the 
general control channel operation terminates on the 
traffic channels. 

If the base station detects that its trans- 
mission is interfered with 602, it checks whether 
30 there are any free radio channels and/or time slots 
available. If a free channel or free channels are 
found, the base station starts to use them as control 
channels and indicates the new control channels by 
means of the control channel allocation message 607 
35 and enters into the "Extended control channel" state. 



WO 95/19687 



PCT/F195/00009 



23 

If there are no free channels available 605, the base 
station can start to use transmission periods 606 on 
suitable traffic channels as described above and 
indicates the new control channels by means of the 
5 control channel allocation message 607 and enters the 
"Extended control channel transmission" state. 

If the base station needs more control channel 
capacity 609, the base station transmits the control 
channel allocation message 607 and enters into the 
10 "Extended control channel " state 608. Correspondingly, 
when extended capacity is no longer needed 671, the 
base station takes, if required, transmission periods 
672 into use and transmits the control channel 
allocation message 673 and switches to the normal 
15 control channel operation 674. 

As is apparent to the reader, the operation 
described above covers the normal control channel 
operation only partially. This operation can also be 
easily implemented on the principles set forth above 
on traffic channels released for control channel use 
possibly only instantaneously. 

Figure 7 shows a traffic interruption message 
according to the invention. The base station uses this 
message to control the transmitters of the subscriber 
stations during both traffic and control channel 
operation. Field 701 is the identity of a message 
indicating that the message is a traffic interruption 
message. Field 702 indicates whether the uplink 
channel has been allocated as a traffic channel or 
whether is it used for random access attempts during 
the following uplink time slot(s). Field 703 indicates 
the original users of a traffic channel, i.e. to whom 
the traffic channel has been allocated for the time of 
the following uplink time slot(s) when the uplink 
channel is not used as a control channel and/or for 
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random access attempts. The "owner" of the traffic 
channel, i.e. the subscriber station to which the 
channel has been allocated for traffic use, is able to 
transmit in accordance with the traffic channel proto- 
5 col used in the system whenever the content of field 
703 corresponds to the identity of the owner of the 
traffic channel. Field 704 is an interruption time 
field indicating the time for which the original 
traffic on the traffic channel has to be interrupted. 
10 In this arrangement the base station indicates the 
traffic interruption for a specific subscriber either 
by setting the content of field 702 so as to indicate 
that the uplink channel is in random access use or so 
as to assign the traffic channel to someone else than 
15 its present owner, in the invention, traffic can also 
be interrupted in other ways, a typical feature of all 
of which is that the base station transmits an inter- 
ruption indication which the subscriber station is 
able to identify during its own transmission or be- 
20 tween its transmissions, e.g. at short transmission 
breaks. In the description of the present invention, 
all situations in which the transmission right of the 
owner of a traffic channel is cancelled, usually for a 
short period of time, are referred to as "traffic 
25 interruption message" transmission. 

Figure 8 is a flow diagram illustrating the 
operation of a subscriber station according to the 
invention on a control channel. The operation starts 
from a "Normal control channel" state 801, in which 
30 the subscriber station receives a control channel 
allocation message 802 and stores the data contained 
in it (Figure 3) and possibly 804 selects a suitable 
control channel 806, if the control channel allocation 
message had a list of control channels, and enters 
35 into an "Extended control channel" state 810. 
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Particularly in an interference situation, the 
subscriber station may lose connection with the 
control channel 841 and start to search for a new 
control channel 842 and find a potential control 
5 channel, entering into a "Potential control channel" 
state 843. If the channel selected by the subscriber 
station is a control channel or a channel on which 
control channel data is transmitted, the subscriber 
station receives the control channel allocation 
10 message 845 in this state and stores the parameters 
803 contained in it, whereafter the operation 
continues as described above. 

When the subscriber station is in the "Extended 
control channel" state 810, it may become necessary 
15 for the subscriber station to obtain service 811 from 
the base station, whereby it transmits a service 
request 812 such as a call establishment request to 
the base station in accordance with the random access 
protocol which the system utilizes, and still remains 
in the "Extended control channel" state 813. The sub- 
scriber station receives a response to this service 
request or some other implementation of the service, 
such as a short message 831. This does not affect the 
state 832 of the subscriber station. 
25 The subscriber station may further receive a new 

control channel allocation message 821, whereby it 
checks 822 whether the parameters of the message 
define a normal control channel, and if it is a normal 
control channel 828, it returns to normal control 
30 channel mode of operation 829. As described above, it 
is also possible 824 for the subscriber station to 
select 826 a new extended control channel 827. 

As is apparent to the reader, the operation of 
the subscriber station has been described above mainly 
in situations according to the invention without de- 
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scribing any other control channel functions, which 
are also possible in the arrangement according to the 
invention when the system utilizes an extended control 
channel operation. 
5 Figure 9 illustrates operation according to the 

invention as regards a subscriber station when the 
subscriber station is on a traffic channel. In the 
invention, it is not significant how the subscriber 
station has been commanded or switched to the traffic 
10 channel. The description of the operation begins from 
a point of time when the subscriber station is on the 
traffic channel, i.e. in a "Traffic channel" state 
901. In this state the subscriber station is able to 
receive a traffic termination message "Connection 
15 terminated" 911, whereby it searches 912 the stored 
data to find out whether normal control channel oper- 
ation is being performed. If so 915, it enters a 
normal control channel 916. The subscriber station may 
receive a control channel allocation message 921 on 
the traffic channel and store 922 the data contained 
in the message for later use and remains in the 
"Traffic channel" state 923. The base station may also 
take part of the capacity of the traffic channel for 
control channel use e.g. for random access attempts. 
25 The subscriber station detects this from the "Traffic 
interruption" message 931 and interrupts its traffic 
932 for a time defined in the message or for some 
other known period, remaining in the "Traffic channel" 
state 933 . It is apparent to the reader that the 
30 figure illustrates only the principal features of the 
operation of the traffic channel, using state defini- 
tions essential to the invention; in a more detailed 
traffic channel representation, such states would 
obviously be divided into several substates. 
35 The drawings and the description related to them 



20 



WO 95/19687 



PCT/FI95700009 



27 

are only intended to illustrate the idea of the inven- 
tion. In its details, the method according to the in- 
vention for allocating channels in a radio system, a 
subscriber station in a radio system, and a radio 
system may vary within the scope of the claims. The 
invention has been described above mainly with refer- 
ence to trunking radio telephone systems, but it can 
also be used in other type of radio telephone systems, 
such as conventional mobile phone systems. 
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Claims : 

1. Method for allocating control channels in a 
radio system (Figure 1) comprising base stations (101; 
5 Figure 4) and subscriber stations (102, 103; Figure 5) 
communicating with the base station over control chan- 
nels (C) and traffic channels (1-5), charac- 
terized by the steps of 

allocating traffic channels (206) for control 
10 channel use so as to distribute the control channel 
operation to a greater number of channels; 

indicating (607, 623, 653) the channels allocat- 
ed for control channel use to the subscriber stations 
(102, 103); 

15 performing (608, 624, 634, 644, 654) control 

channel operation in a distributed manner on the 
allocated control channels. 

2. Method according to claim 1, charac- 
terized in that said allocation of the traffic 
channels (206) for control channel use is performed in 
response to detection of interference (602, 610) on 
the control channels of the system. 

3. Method according to claim 1, charac- 
terized in that said allocation of the traffic 

25 channels (206) for control channel use is performed in 
response to an additional need (609) for control chan- 
nels detected in the radio system. 

4. Method according to claim 1, 2 or 3, char- 
acterized in that free channels (206) are 
allocated to the subscriber stations in a distributed 
manner so that the control channel operation is 
distributed temporarily between the allocated channels 
by transmitting (607) control channel allocation 
messages (Figure 3) to the subscriber stations via the 
base stations, the control channel allocation messages 
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containing identities of the channels allocated in a 
distributed manner; 

the subscriber stations receive said control 
messages and store (803) the identities of said chan- 
5 nels allocated in a distributed manner in their 
memories ( 504 ) ; 

the subscriber stations and the base station 
perform control channel operation (608) on the control 
channels allocated in a distributed manner. 
10 5 - Method according to claim 4, charac- 

terized in that said control channel allocation 
messages (Figure 3) contain information indicating 
when (352, 353) the control channels allocated in _ 
distributed manner are in control channel use, and the 
subscriber stations switch to the original or allo- 
cated channels in response to the information 
contained in the messages. 

6. Method according to claim 4 or 5, char- 
acterized in that the channels to be 

20 allocated are scanned to check whether they contain 
interference before said channels are allocated in a 
distributed manner. 

7. Method according to any of claims 1 to 6, 
characterized in that if the system has 

25 an insufficient number of free channels (605), traffic 
interruption messages (Figure 7) are transmitted via 
the base station so as to command desired subscriber 
stations (102, 103) to temporarily interrupt 
signalling on predetermined channels; 

30 said subscriber stations interrupt signalling on 

said channels; 

the system takes said channels into use and 
allocates them to the subscriber stations in a distri- 
buted manner for control channel use so that the 
35 control channel operation is distributed temporarily 
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between all of the channels released for control 
channel use by transmitting (607) control channel 
allocation messages (Figure 3) to the subscriber 
stations via the base stations, the control channel 
5 allocation messages containing the identities of the 
channels allocated in a distributed manner; 

the subscriber stations (102, 103) receive (802) 
said control channel allocation messages and store 
(803) the identities of said channels allocated in a 
10 distributed manner in their memories (504); 

the subscriber stations and the base station 
(101) perform control channel operation (608; 810) on 
the channels allocated in a distributed manner. 

8. Method according to claim 4, 5 or 7, c h a r- 
15 acterized in that said control channel 

allocation messages (Figure 3) contain identities of 
the channels which have been allocated in a distrib- 
uted manner and are used as temporary random access 
channels, or identities (351) of the channels which 
20 have been allocated in a distributed manner and on 
which the subscriber stations (102, 103) are to 
temporarily listen to transmission from the base 
stations . 

9. Method according to claim 1, 2, 3, 5, 6, 7 or 
25 8, characterized in that temporary 

control channels are allocated arbitrarily on the 
basis of information known to both the base station 
(101) and the subscriber station (102, 103) in such a 
way that both the system and the subscriber station 
30 know the identity (351) of a temporary channel 
allocated to each one of the subscriber stations. 

10. Method according to claim 9, charac- 
terized in that said information known to both 
the base station ( 101 ) and the subscriber station is 

35 the subscriber station's subscriber number or a part 
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of the subscriber number. 

11. Method according to claim 9, charac- 
terized in that said information known to both 
the base station (101) and the subscriber station is 

5 the identity or a part of the identity of the sub- 
scriber station's group call group. 

12. Method according to claim 9, charac- 
terized in that said information known to both 
the base station (101) and the subscriber station 

10 (102, 103) is the number or a part of the number of 
the subscriber station's random access group. 

13. Method according to claim 1, 2, 3, 4, 5, 7 , 
8, 9, 10, 11 or 12, characterized in that 
temporary control channels are allocated arbitrarily 

15 in such a way that a list (351) of potential temporary 
control channels is transmitted from the base station 
(101) to the subscriber stations (102, 103), and the 
subscriber stations arbitrarily select one or more 
temporary control channels from the list for their own 

20 use. 

14. Method according to any of claims 1 to 13, 
characterized in that if more channels 
are released (651) in the system, the system allocates 
(652) new control channels to subscriber stations to 

25 which control channels were previously allocated by 
transmitting (653) a control channel allocation 
message (Figure 3) informing the subscriber stations 
of the identities of the new channels. 

15. Method according to any of claims 1 to 14, 
30 characterized in that the system returns 

to the normal state (661, 671) by transmitting (663, 
673) control channel allocation messages (Figure 3) to 
the subscriber stations, which start to perform 
control channel operation (664, 674) in response to 
35 said messages on the allocated channels. 
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16. Subscriber station (Figure 5) comprising: 
a memory means ( 504 ) ; 

a transceiver ( 501 ) ; 

a controller (503) for controlling the operation 
5 of the subscriber station; 

characterized in that said memory means 
(504) is arranged to store (803) information contained 
in a control channel allocation message (Figure 3) 
received by the subscriber station concerning channels 

10 on which the base station (101 / Figure 4) performs 
control channel operation (608, 624, 634, 644, 654) 
with the subscriber station (102, 103); and that 

said subscriber station (Figure 5) further 
comprises means (509) for causing the transceiver 

15 (501) of the subscriber station to perform control 
channel operation on one or more channels (351) 
indicated by the control channel allocation message 
( Figure 3 ) . 

17. Subscriber station according to claim 16, 
20 characterized in that said subscriber 

station (Figure 5) further comprises means (510) which 
temporarily interrupt the signalling of the subscriber 
station in response to the traffic interruption mess- 
age (Figure 7) received by the subscriber station. 

18. Base station (Figure 4) comprising 
a transceiver unit (410-417, Tx/Rx); 
a control unit (420) for controlling the base 

station, 

characterized in that the base station 
further comprises: means (423) for assembling a 
control channel allocation message (Figure 3) indicat- 
ing to the subscriber stations (102, 103) identities 
of distributed control channels on which the base 
station (101) performs control channel operation (608, 
624, 634, 644, 654) with the subscriber station (102, 
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103), and for transmitting the control channel alloca- 
tion message (Figure 3) to the desired subscriber 
station (102, 103). 

19. Base station according to claim 18, char- 
acterized in that the base station further 
comprises means (425) for forming traffic interruption 
messages (Figure 7) commanding desired subscriber 
stations to temporarily interrupt signalling on pre- 
determined channels, and transmitting said traffic 
interruption messages to the desired subscriber 
stations (102, 103). 



WO 95/19687 



PCT/FI9S/00009 



1/5 



102 




101 



103 



103 




FIG. 1 



103 





201 



205 



210 

cL 



h I2i3l4l5ll !Cl3l4lsll 12ICUI5 I IcIClClClC 



FRAME 1 



203 



FRAME N 



202 r^MULTlFRAME 204 

^206 211 ^212 

1 I2l3l4l5h ICl3l4lch I2l3l4lcl IdClcTcfc 



FRAME 1 



207 



220 



FIG. 2 



MULTIFRAME 



230 













t 


350 351 


352 


353 


^354 


355 


MESSAGE 
IDENTITY 


CHANNEL 
IDENTITIES 


TIME SLOT 
IDENTITIES 


VALIDITY 
PERIOD 


USER 
GROUP 


OTHER 
PARAMETERS 



FIG. 3 



PCT/FI95/00009 



2/5 

411 413 415 417 
410 / 412 J 414 J 416 



Tx 


Tx 


Tx 


Tx 


Tx 


Tx 


Tx 


Tx 


Rx 


Rx 


Rx 


Rx 


Rx 


Rx 


Rx 


Rx 




MEANS FOR ASSEMBLING 
AND TRANSMITTING A 
CONTROL CHANNEL 
ALLOCATION MESSAGE 



MEANS FOR ASSEMBLING 
AND TRANSMITTING A 

TRAFFIC INTER- 
RUPTION MESSAGE 



MEANS FOR 
DETECTING 
INTERFERENCE 



FIG. 4 



423 



425 



O 
cc 



O 
O 



Rx 



501 



MEANS RESPONSIVE 
TO A CONTROL CHANNEL 
ALLOCATION MESSAGE 



M 



MEMORY MEANS 



MEANS RESPONSIVE 
TO A TRAFRC INTER- 
RUPTION MESSAGE 



FIG. 5 




510 



WO 95/19687 



3/5 



PCT/FI9S/00009 

FIG. 6A 



Normal control V 
channel 



601 



Reception 
interfered 



S<o\0 



Transmission 
interfered 



^602 



More control 1/ 
channel capacity 
needed 



Yes 




No 



603 



/dOA 



eoe y 



^605 



Take transmission 
periods into use 



609 



~ \ ^607 

Control channel \s 

allocation / 



T 



Extended control 
channel 



60& 



Channels 
released 



651 



Take transmission 
periods into use 



652 



Control channel 
allocation 




53 



Extended control 
channel 



^654 



Interference 
ended 



^661 



Take transmission 
periods into use 



y-662 



\ ^663 

Control channel V 

allocation / 



Normal control 
channel 



vy-664 



Extra capacity 
no longer needed 



S 



671 



Take transmission 
periods into use 



r 



672 



\ r 

Control channel X 

allocation / 



673 



r674 



WO 95/19687 



PCT/FI95/00009 



Need for 
control channel 
signalling 




Take transmission 
periods into use 



^622 



Control channel 
allocation 



^623 



Extended control 
channel 



^624 



4/5 

Extended control 
channel 




20 



Random 
access need 




Random 
access cal 



Traffic 
interruption 



31 



-632 




33 



Extended control 
channel 



634 



FIG. 6B 



Service 
request 



-641 



Take transmission 
periods into use 



^642 
3 



Service 

implementation 




Extended control 
channel 



^644 



701 


702 


703 


704 


Message 
identify 


Random 
access control 


| r— : 

Original traffic 
channel users 


Interruption 
time 



Traffic 
channel 



901 



FIG. 7 



FIG. 9 



913^ 



Connection 
terminated V' 



911 



Extended 
control 
channel 



912 



Control 
channel 
allocation 



Store 
channels 




Traffic 
channel 




-914 



Normal 
control 
channel 



931 



932 



933 



916 



WO 95/19687 



PCIYFI95/00009 



-5Z5 



I 



Normal \S 
control channel 

I 



501 



FIG. 8 

544 



Potential \S 
control channel 



Control 
channel 
lost 



Search for 
control 
channel 



-541 



542 



Control 
channel 
allocation 



-502 



Potential ] 
control channel J 



y-543 



Control 
channel 
allocation 
I 



-545 



Store 
permitted 
channels 



S 



503 




504 



505 



Select 
channel 



506 



Extrended 

control 

channel 



-510 



Service 
need 



Sen/ice 
request 



Extrended 
control 
channel 



Service 

imple- (^531 
mentation 



532 




Select 
channel 



Extrended 
control 
channel 



-527 



1 

INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/FI 95/00009 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: H04Q 7/38 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H04Q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO, Al, 9310600 (MOTOROLA INC), 27 May 1993 

(27.05.93), page 12, line 8 - line 10; page 16, 
line 21 - page 17, line 8; page 17, 
line 29 - page 18, line 2, abstract, page 19, line 
1 - line 16 



DE, Al, 3334886 (LICENTIA PATENT-VERWALTUNGS-GMBH ) 
8 April 1985 (08.04.85), page 6, line 1 - line 7 



1,3-5,15,16, 
18 



7,13,17,19 

2,6,8-12,14, 
18 



7,17,19 



[)(J Further documents are listed in the continuation of Box C. [£] See patent family annex. 


♦ Special cattgones of cited documents: -r- i**— m%M 

do f umcnt Published after the tntemanonal filing date or pnnntv 
A document defining the general state of the art which is not considered date 20x1 001 m conflict with the application but cited to understand ' 
to be of particular relevance the principle or theory underlying the invention 

•E- ertierdoc^butpu^onorafterU.ein^c^mingd^ 'X' documai of particular nievaoce: the*™* invent cann.u he 
aocument which may throw doubts on priority daim(s) or which is considered novel or cannot be considered to involve an invenu ve- 
nted to establish the publication date of another citation or other SCc P wben me document is taken atone 
special reason (as specifted) * 

■Or do™ referring to aa oral disdosu^ us, exhibition or o*er T ^^t^^^X^^^T * 

-p* dQrummt nnh i;^ „rir~ h, , ^ couibined with one or more other such documents, such comhirwitKin 
xr aocument published pnor to the international filing date but later than being obvious to a person skilled in the art 
the pnority date claimed mtK . _ 

CZ document member of the jam* pa"nt family 


Date of the actual completion of the international search 

29 Mav 1995 1 


Date of mailing of the international search report 

3 0 -05- 1995 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 


Authorized officer 

Bengt Jons son 

Telephone No. +46 8 782 25 00 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/FI 95/00009 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Gtalion of document, with indication, where appropriate, of the relevant passages 



WO, Al, 9310602 (NOKIA TELECOMMUNICATIONS OY), 

27 May 1993 (27.05.93), page 2, line 3 - line 14; 
page 9, line 19 - line 28; page 9, 
line 32 - line 34 



EP, A2, 0440436 (NEC CORPORATION), 7 August 1991 
(07.08.91), page 1, line 8 - line 16; page 2, 
line 30 - line 37; page 3, line 45 - line 53 



Patent Abstracts of Japan, Vol 6, No 81, E-107, 

abstract of JP, A, 57-17246 (NIPPON DENKI K.K.), 
28 January 1982 (28.01.82) 



Relevant to claim No. 



13 



4,6,7,16 



6,7,13,16 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 

03/05/95 


International application No. 

PCT/FI 95/00009 


Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 




Publication 

dale • 1 



wu ai- yoiuboo 


27/0S/S3 


AU-A- 


2760592 


15/06/93 






BR-A- 


9205514 


26/04/94 






EP-A.A- 


0568659 


10/11/93 






HU-A- 


65233 


02/05/94 






JP-T- 


6504894 


02/06/94 






PL-A- 


300132 


18/04/94 


DE-A1- 3334886 


08/04/85 


NONE 






W0-A1- 9310602 


27/05/93 


AU-A- 


2874392 


15/06/93 






DE-T- 


4293920 


10/11/94 






FI-A- 


915309 


12/05/93 






6B-A- 


2277233 


19/10/94 






6B-D- 


9409316 


00/00/00 


EP-A2- 0440436 


07/08/91 


AU-B- 


630782 


05/11/92 






AU-A- 


7012291 


01/08/91 






CA-C- 


2035204 


15/11/94 






JP-A- 


3226032 


07/10/91 






US-A- 


5257400 


26/10/93 



Form PCT/ISA/210 (patent family annex) (July 1992) 



